Journal of Diabetes Mellitus, 2017, 7, 142-150
http://www.scirp.org/journal/jdm
ISSN Online: 2160-5858
ISSN Print: 2160-5831

Identification of Atherosclerotic Changes Using
B-Mode Ultrasonography in Nigerian Children
with Type 1 Diabetes Mellitus
O.O. Ayoola1*, J.B.E. Elusiyan2, T.A. Adedeji3
Department of Radiology, Obafemi Awolowo University, Ile-Ife, Nigeria
Department of Paediatrics and Child health, Obafemi Awolowo University, Ile-Ife, Nigeria
3
Department of Chemical Pathology, Obafemi Awolowo University, Ile-Ife, Nigeria
1
2

How to cite this paper: Ayoola, O.O.,
Elusiyan, J.B.E. and Adedeji, T.A. (2017)
Identification of Atherosclerotic Changes
Using B-Mode Ultrasonography in Nigerian Children with Type 1 Diabetes Mellitus. Journal of Diabetes Mellitus, 7, 142150.
https://doi.org/10.4236/jdm.2017.73011
Received: July 1, 2017
Accepted: August 8, 2017
Published: August, 11, 2017
Copyright © 2017 by authors and
Scientific Research Publishing Inc.
This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
Open Access

Abstract
Background: This study aimed at documenting the degree of atherosclerosis,
which is an important macrovascular complication in Nigerian children with
Type 1 Diabetes Mellitus as determined by ultrasonography using the carotid,
femoral and brachial arteries. Method: A prospective observational study was
performed on all 10 children diagnosed with diabetes mellitus at the paediatric endocrinology clinic, in a tertiary unit based in Nigeria over a six-month
period. Results: All 10 children were aged between 12 - 17 years (Median = 16
years) and consist of 5 (50%) males and 5 (50%) female. The duration of diabetes ranged from 0.2 to 9 years. Four (40%) of the subjects had thickened
carotid intima media thickness on either the left or right common carotid artery; 5 (50%) had 0% flow mediated dilation of the brachial artery while the
remaining 5 (50%) had normal flow mediated dilation; while 2 (30%) had intima media thickening of either the left or right superficial femoral artery using a cut-off value of 0.9 cm. Conclusion: Children with Type 1 Diabetes
Mellitus have ultrasonic evidence of ongoing atherosclerosis. The use of ultrasound is recommended for detection and monitoring of atherosclerotic
changes in children with DM.
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1. Introduction
Type 1 Diabetes Mellitus (DM) is a chronic metabolic condition characterized
by hyperglycemia due to absolute insulin deficiency secondary to autoimmune
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destruction of the insulin-producing beta cells in pancreatic islets. Chronic inflammation in the islets, usually after years, and rarely in just months, leads to
insulin-dependent diabetes [1]. Its management requires lifelong adherence to
therapies and frequent interactions with healthcare professionals [2]. Cardiovascular disease (CVD) remains the leading cause of death in people with diabetes [3]. Hyperglycemia has also been associated with endothelial cell (EC)
dysfunction and reduced neovascularization in response to tissue ischemia,
processes that are essential for wound healing and prevention of cardiovascular
ischemia [4]. Atherosclerosis is an important macrovascular complication and
the major cause of morbidity and mortality in patients with DM [5]. Although
type 1 diabetics are at lower risk for atherosclerotic cardiovascular disease than
type 2 diabetics due to the younger age of the former group the relative risk is 10
times higher in type 1 diabetics than in non-diabetics of similar age. Elevated
triglycerides, and albuminuria have also been reported to be associated with
vascular complications in diabetes [6]. Several markers have been used reliably
to assess atherosclerosis namely carotid intima media thickness (IMT) [7],
brachial artery flow mediated dilation (FMD) [8] and femoral IMT with the use
of ultrasonography.
The IMT is defined as the distance between the hyperechogenic inner (bloodintima interface) and outer line (media-adventitia interface) of the arterial wall.
It is a surrogate marker of atherosclerotic damage [9]. Measuring of IMT using
B-mode ultrasound has been shown to be a reliable predictor of early atherosclerosis and assessing the subsequent risk of vascular events [10] [11] [12]. Several population-based studies have revealed carotid IMT to be a reliable marker
for predicting peripheral vascular disease (PVD) while there is paucity of data as
to prove the link between increased femoral IMT and PVD [13].
The vascular endothelium plays a central role in regulating vasomotor tone,
thrombosis, and platelet adhesion [14]. Endothelial dysfunction, a state of impairment of these regulatory functions, is one of the initial pathological processes of atherosclerosis and has been associated with an increase in cardiovascular risk [15] [16]. Brachial FMD is a validated, noninvasive physiological
measure widely used as a research tool to quantify endothelial function [16].
FMD assessed by Doppler ultrasound has emerged as the most popular clinical
research method of assessing vascular endothelial function, likely because of the
relatively simple methodology and noninvasive nature [17].
Studies done in Mexico and Hungary have shown carotid IMT increase in patients with type 1 DM especially in patients with glycated haemoglobin (HbA1c)
values of greater than 8.5% [18] [19]. Type 1 DM is still a very rare disease in
Sub-Saharan Africa and as such there is paucity of information in the literature
on the disease [20]. The few published works in Sub-Saharan African on DM in
children has shown that these children face a lot of challenges in the management of their disease and also have poor outcome as evidenced by high HbA1c
values [21] [22]. Poor control has also been shown to lead to early onset of both
micro and macrovascular complications [23].
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Early determination of these macrovascular and microvascular complications
may allow for institution of appropriate preventive or early definitive therapeutic measures to ensure improved quality of life.
This study was conducted to document atherosclerotic changes in children
with type 1 DM by evaluating the carotid and femoral IMT along with the FMD
of the brachial artery. To the best of our knowledge, there has not been any report of similar study from any Sub-Saharan country.

2. Patient and Methods
This study was a prospective hospital based observational study involving all the
10 children with a diagnosis of Type 1 DM being managed at the paediatric endocrinology. Ethical approval was obtained from the ethics committee of the institution. Consent was obtained from the parents and the children gave assent.
The subjects bio data such as initials, age, sex, and hospital number were obtained into a proforma designed for the study. The duration of illness, form of
treatment were documented for the subjects. Their weight and height were
measured according to standard techniques and their BMI calculated.

3. Biochemical Assay
Four mls of venous blood was drawn from each subject for fasting blood glucose,
lipid profile, HbA1c and homocysteine (HCY); early morning urine samples
were also obtained and analyzed for presence of albumin. A biochemical auto-analyzer (Cardiochek PA, USA) was used for assaying the serum lipid profile
and fasting blood glucose; HbA1c was analyzed using Polymer technology systems, Inc, USA biochemical autoanalyzer. HCY was analyzed using Eliza kits
(Neobiolab, MA, USA)
Urinary albumin-creatinine ratio (UACR) of a random spot urine was determined using CLINITEK microalbumin (Siemens Healthcare Inc, Camberly,
UK), a semi-quantitative strip test. UACR was calculated as albumin (mg)/creatinine (g). Normoalbuminuria, microalbuminuria and macroalbuminuria was defined as UACR of <30 mg/g, 30 - 300 mg/g and >300 mg/g respectively [24].

4. Ultrasound Examination
Ultrasound examination was done after an overnight fast on the carotid, femoral
and brachial arteries using Mindray Ultrasound Scanning machine Model DC-7
with Doppler facilities and a linear array probe of 7.5 MHz frequency.
The common carotid arteries were examined with the subjects in supine position and with the examiner seated next to the patient. The neck was exposed
maximally by having the patient drop the ipsilateral shoulder as far as possible.
Neck exposure was also optimized by rotating the head away from the side being
examined. Coupling gel was then applied on the neck and scanning was done in
longitudinal and transverse scanning planes using the anterior, lateral and postero-lateral approaches. All measurements of the carotid IMT were made on optimal longitudinal freeze-frame image of the common carotid artery in the end
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diastolic state. A gradual and gentle probing with a heel-toe technique was employed to display the double line effect of the lumen-intima and media-adventitia interfaces. The IMT defined by Pignoli et al. [25] was measured as the distance from the leading edge of the first echogenic line to the leading edge of the
second echogenic line. IMT was measured in a 10-mm long segment just proximal to the carotid bulb in the common carotid artery (Figure 1) and in a
15-mm long segment just distal to the bifurcation in the common femoral artery.
The computer program calculated the mean values of IMT from three separate
images [26]. A value of > or equal to 0.8 cm was adjudged to be thickened; this
was a value of 2 standard deviations above the mean value obtained in a normal
population of children in a study done by Hayaishi-Okano R et al. [7].
A standard paediatric blood pressure cuff was positioned around the right
arm, 2 inches below the antecubital fossa, and the artery was imaged 5 to 9 cm
above the antecubital fossa. A linear-array multifrequency transducer operating
at 9 MHz was used to acquire images of the right brachial artery. After baseline
images were obtained, the cuff was inflated to 50 mm Hg above the participant’s
systolic blood pressure for 4 minutes. Digitized images of the right brachial artery were captured 90 seconds after cuff deflation after which the brachial artery
diameter was taken again. Percentage FMD was computed, as follows: %FMD =
[(maximum diameter−baseline diameter)/baseline diameter] × 100% [27].

5. Results
All 10 subjects attending the paediatric diabetes clinic were recruited into the
study, from May till December 2014, and they consist of 5 (50%) males with 5

Figure 1. Measurement technique of obtaining carotid IMT on a Longitudinal B-mode
ultrasound (calipers).
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(50%) females with an age range of 12 - 17 years and a median of 16 years. The
duration of diabetes ranged from 0.2 to 9 years with a median of 3.5 years; the
body mass index ranged from 14.0 to 24.7, with a median of 18.15; fasting blood
sugar ranged from 3.6 to 20 mmol/L with a median of 13.46 mmol/L; HbA1c
ranged from 8.6 to 13%, with a median of 13%; and HCY values ranged from 8.6
to 533.1 umol/L with a median of 32.95 umol/L (Table 1).
Two (20%) of the subjects (Subjects 2 & 5) were underweight based on their
BMI while the remaining 8 (80%) had normal weights; none of them was obese.
Using a cut-off value of 11.3 umol/L [28], 8 (80%) of the subjects would be adjudged to have hyperhomocysteinemia. Only 2 (20%) of subjects had hypercholesterolemia using a cut-off value of 5mmol/L for TC (Subjects 3 & 6); while only
1 (10%) subject had a cut-off value of above 4 mmol/L for LDL (Subject 6).
Spot urine assessment for albumin showed 4 (40%) of the subjects had normoalbuminuria (<30 mg/g), 3 (30%) had microalbuminuria (30 - 300 mg/g) and
3 (30%) had macroalbuminuria (>300 mg/g). In all 6 (60%) of the subjects had
albuminuria (>30 mg/g).
The percentage FMD ranged between 0% to 10.53% with a median of 1.61%;
Five (50%) of the subjects had some degree of dilation of the brachial artery
while the remaining 5 (50%) had a 0% FMD indicating no dilation of the brachial artery following occlusion.
The carotid IMT ranged from 0.51 to 0.92 cm on the right and from 0.60 to
0.91 cm on the left (median values were 0.65 and 0.715 cm on the right and left
respectively). Four (40%) of the diabetics had a value of above 0.8 cm, which was
a value of 2 standard deviations above the mean value obtained in a normal
population of children in a study done by Hayaishi-Okano R et al. [7]. Three
Table 1. Demographic, biochemical and sonographic parameters of type 1 diabetic subjects.
S/N Sex Age BMI HbA1c HCY UACR TC LDL
>300

LCCA RCCA
%
LSFA RSFA
IMT
IMT FMD IMT IMT

1

M

17

17.8

13

30.5

2.59 1.66

0.91

0.74

0.0

0.54

0.56

2

F

16

14

13

246.6 30 - 300 3.09 2.19

0.72

0.66

6.06

0.51

0.63

3

F

15

18.6

13

533.1

<30

5.66 3.92

0.64

0.51

10.53

0.55

0.54

4

M

16

17.2

10.8

26.3

< 30

2.59 2.05

0.86

0.64

0.0

0.60

0.96

5

M

15

14.1

13

76.5 30 - 300 3.75 2.42

0.7

0.92

0.0

0.72

0.55

6

F

16

18.9

8.6

10.3

<30

6.07 4.65

0.72

0.65

9.52

0.73

0.64

7

M

17

18.3

8.5

89.3

<30

4.07 2.45

0.71

0.67

8.0

0.93

1.12

8

F

17

17.5

13

22.4

>300

2.75

1.9

0.6

0.52

0.0

0.53

0.54

9

M

17

24.7

12.6

8.6

>300

3.12 1.87

0.83

0.65

0.0

0.53

0.56

10

F

12

18.6

13

0.64

0.55

3.23

0.60

0.62

35.4 30-300 2.59

1.9

The units of measurements were as follows: Age-years, HCY-umol/L, UACR-mg/g, TC and LDL-mmol/L,
IMT-cm. BMI (Body mass index); HbA1c (Glycated Haemoglobin); HCY (Homocysteine); UACR (Urinary
albumin-creatinine ratio); TC (Total cholesterol); LDL (low density lipoprotein); LCCA (left common carotid artery); RCCA (right common carotid artery); IMT (intima media thickness); LSFA (left superficial femoral artery); RSFA (right superficial femoral artery); FMD (flow mediated dilation).
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(75%) of these subjects that had carotid intima media thickening were found to
be on the left side while 1 (25%) was discovered to be on the right.
The IMT in the superficial femoral arteries ranged from 0.51 to 0.93 cm on the
left and 0.54 to 1.12 cm on the right (median values were 0.575 and 0.59 cm in
the left and right sides respectively); 2 (20%) of the subjects had intima media
thickening on either side in regards to the superficial femoral arteries using a
cut-off value of 0.8 cm.

6. Discussion
Numerous studies have shown that patients with DM have accelerated atherosclerotic vascular disease [29]. This present study has also shown this to be true in
paediatric population as well. Four (40%) of the studied subjects were found to
have an IMT value greater than 0.8 mm on either side of the carotid IMT
(Figure 1), 2 (20%) of the subjects had intima media thickening of the superficial femoral arteries and 5 (50%) had degrees of dilation of the brachial artery
following occlusion ranging from 3.23% to 10.53%. The result of this study has
shown that atherosclerotic changes are present in children with DM. There are
several pathogenetic mechanisms of atherosclerosis including endothelial injury;
platelet adherence to the site of injury; platelet aggregation at the site of injury;
release from platelets of materials stored intra-cellularly; smooth muscle cell
proliferation and migration into the subendothelial layer at the area of damage;
accumulation of extracellular matrix (collagen, elastic tissue, glycosoaminoglycans); accumulation of lipids and lipoproteins; and thrombosis [29]. All these
mechanisms have been shown to be common in children with DM.
The values of FMD of the brachial artery of 0.0% to 10.53% in the present
study is less than those obtained for the healthy and diabetic adult population
[8], however it should be noted that all the subjects in the present study are entirely a paediatric population.
Other significant predictors of IMT were age and LDL cholesterol in both
sexes [30]. The correlation between age and carotid IMT has been shown to have
an r value of as high as 0.469 (p < 0.05) [31]. Total cholesterol was a significant
childhood predictor in both sexes, while childhood body mass index was significant only in women. None of the subjects had BMI in the obesity range and only
two of them (Subjects 3 & 6) were noted to have elevated TC and LDL levels but
the IMT in both carotid and femoral arteries and percentage FMD in both of
them were all normal.
Eight (80%) of the subjects had hyperhomocysteinemia. Hyperhomocysteinemia has been documented to be a risk factor for coronary, cerebral, and peripheral vascular disease. Plasma HCY levels have been documented to be elevated
in diabetics when there is atherosclerosis or insufficient renal function [32].
From the HbA1c values which revealed a median value of 13, which was noted
in 60% of the subjects, the hyperhomocysteinemia noted in 80% of the subjects
may be explained by the poor glycaemic control which was further confirmed by
poor compliance to insulin therapy. This poor metabolic control has been do147
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cumented in children managed for diabetes in Kenya too [22]. The hyperhomocysteinemia may also be explained by the renal impairment which diabetics are
prone to having and which may be suspected in view of the presence of proteinuria in 6 (60%) of the subjects. One of the 2 subjects that had normal HCY levels (Subject 6) had normoalbuminuria (Table 1). This finding in our study
might lay credence to the fact that the IMT thickening would most likely be due
to metabolic derangement of the diabetes and not due to the age, BMI or elevated cholesterol of the subject.
The major limitation of the present study is the small sample size which is due
to the very low prevalence of the disease in our environment. Atherosclerotic
changes as adjudged by ultrasonography were present in 60% of the subjects.
This may reflect the development of long term complications in these children
and as such urgent efforts need to be put in place to arrest the progression of
these changes. Insulin availability and intensification of the management has
been shown by the DCCT [23] study to be a beneficial way of arresting the complications associated with the disease. A follow-up study to monitor progression
of these changes will also be imperative.
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